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The Impact of Consumer Replacement Decisions and
Leapfrogging
Behavior on the Timing of New Product Introductions
Abstract
Firms managing products across multiple generations face the challenge of timing the introduction of
new product generations. Early introductions capitalize on the current willingness-to-pay of existing
customers, but may also lead to a phenomenon called leapfrogging, i.e. customers skipping a generation.
In addition, early introductions cannibalize the existing product in the market and are associated with
high product development costs. Based on individual replacement decisions, we develop a model to
investigate the drivers of the optimal product introduction time. Our model predicts that firms which are
able to reduce the effect technological progress by providing product upgrades or price reductions can
significantly shift the optimal product introduction time.
The impact of consumer replacement decisions and leapfrogging behavior 
on the timing of new product introductions 
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Firms managing products across multiple generations face the challenge of timing the 
introduction of new product generations. Early introductions capitalize on the current 
willingness-to-pay of existing customers, but may also lead to a phenomenon called 
leapfrogging, i.e. customers skipping a generation. In addition, early introductions 
cannibalize the existing product in the market and are associated with high product 
development costs. Based on individual replacement decisions, we develop a model to 
investigate the drivers of the optimal product introduction time. Our model predicts 
that firms which are able to reduce the effect technological progress by providing 
product upgrades or price reductions can significantly shift the optimal product 
introduction time. 
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1. Introduction 
 
In recent years, firms accelerate the introduction of new product generations. One idea is to 
acquire new customers by offering products at the current level of technology. Increasing 
customer loyalty is an at least equally important but under-researched goal. Conceptually, 
technological progress will lead to reduced perceived utility of older products. The earlier 
new products are introduced the better the chances are that existing customers are not faced 
with products below an acceptable minimum level of utility (forcing them to switch to 
competition). On the other hand, shorter product generation cycles increase costs for the firm 
and perhaps more importantly lead to an increasing customer leapfrogging behavior, i.e. 
customers intending to skip a product generation because a later purchase is perceived to 
create more cumulative utility over time or limited budgets force customers to skip.  
Although markets for consumer durables are being increasingly saturated, product 
replacement in multiple product generation contexts has attracted little attention in marketing 
literature so far. We focus on consumer replacement decisions, aggregate them to firm’s profit 
function and gain insights into the drivers of the optimal product introduction timing. 
Literature dealing with optimal introduction timing of new product generations is either 
based on diffusion (Druehl, Schmidt, & Souza, 2009) or uses demand functions for each 
product generation (Arslan, Kachani, & Shmatov, 2009). Both approaches do not control 
sufficiently for individual heterogeneity concerning individuals’ endowment of an older 
product generation or individuals’ product usage behavior.   
The following analytical framework models leapfrogging behavior of individual customers 
to determine optimal launching times for future product generations. The framework focuses 
on customers’ replacement decisions, i.e. existing customers who are endowed with a 
previous product generation. First time buyers switching to the firm are not considered. 
Individuals are assumed to be forward looking and to anticipate key variables that influence 
their leapfrogging decision. 
We interpret our model in an exemplary context of a parameter constellation typical for the 
automotive industry and derive influences of single parameters concerning (i) the optimal 
launching time for the future product generation, (ii) the share of loyal customers, and (iii) the 
profit corresponding to the optimal introduction time. 
 
 
2. Literature review 
 
Most of the research related to this investigation employs the Bass diffusion model (Bass, 
1969) respectively its extension concerning multiple product generations (e.g., Bass & 
Norton, 1987; Danaher, Hardie, & Putsis, 2001; Mahajan & Muller, 1996; Mesak & Berg, 
1995). These approaches all investigate different drivers affecting multiple product 
generations in a diffusion model context. Consequently, this research focuses on adoption as 
opposed to replacement decisions. While this is useful for the growth phase of markets it 
offers few insights for stable durable markets such as automotives or appliances.  Besides the 
research based on diffusion models, we find limited amount of research based on other 
fundaments: Schmidt and Druehl (2005) use depth and breadth of a product instead of 
innovation and imitation parameters. In addition, several papers investigate one specific 
driver in a multiple generation context. Ofek and Sarvary (2003) focus on R&D expenditures. 
Padmanabhan, Rajiv and Srinivasan (1997) account for network externalities, i.e. information 
spread among customers concerning demand potential and Morgan, Morgan and Moore 
(2001) consider the quality and time-to-market trade-off. .  
The mentioned literature provides several contributions concerning multiple product 
generations, but we could only indentify two papers which directly address our research 
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question. Arslan, Kachani and Shmatov (2009) develop a model with two demand functions 
for two successive generations. They are mainly based on the prices of the single generations. 
Using these demand functions they gain a closed form solution for the optimal introduction 
time (optimal in terms of revenue). Druehl, Schmidt and Souza (2009) rely on the Bass model 
and additionally implement margin decay over time, market growth and a cost function 
depending on the pace of product introductions. They use a simulation to solve their model. 
With different parameter constellations they gain insights into how single parameters affect 
the optimal timing of the next product generation.  
We think that diffusion models can provide some insights, but the fact that markets for the 
most consumer durables are saturated and therefore replacement purchases become the 
dominant proportion of sales is not taken into account sufficiently. We aim to fill this gap by 
accounting for individual heterogeneity and focusing on individual behavior which seems to 
be more adequate in the context of consumer replacement decisions.  
Our model uses the available replacement literature, for example see Gordon (2009) and 
Bayus and Gupta (1992). We simulate forward looking, utility maximizing individuals, 
aggregate their individual purchasing decisions and the resulting revenue function is the basis 
of our analysis.  
 
 
3. Model 
 
We mainly consider three product generations: The product generation G0 is the one 
individuals are endowed and aim to replace by evaluating their utility of Ui(0). The currently 
introduced product generation is labeled G1, and the upcoming generation G2. The product 
launch of G1 (tG1 = 0) is used as a calibration point of the model. All earlier product launches 
are known and the point in time of launching the future product generation tG2 is the decision 
variable of the firm. Individuals perceive a certain utility level (standardized to 1) at each 
product launch and a decline of this utility over time because of technological progress in the 
market δTech (between 0 and 1) and because of individual product usage causing attrition (δi). 
In case the firm exceeds the market by upgrading an individual product generation 
(decreasing price or increasing quality) δTech less than 0 would result. Note this is unlikely since new product generations of competitors will often include fundamental innovations that 
cannot be matched by simple product revisions. Rather product upgrades or price reductions 
will reduce the magnitude of the effect of δTech, i.e. the decrease in utility of a product 
generation is decelerated. In particularly competitive markets δTech is likely to be relatively high forcing firms to develop innovative products to match competition.  
Customers are not always able to purchase their favored product. Individual budget 
restrictions prevent customers from repurchasing a product before a particular time ti, i.e. 
before sufficient resources have been accumulated. Respectively ti0 denotes the point in time 
of a first possible replacement in the time interval of interest. Further we account for 
competition in the sense of monopolistic competition instead of using a response function. We 
implement this by defining a minimum level of utility min. A customer is lost to competition 
in case the firm offers no product exceeding min and his current product value declines below 
min. Higher rivalry would lead to shorter innovation cycles and thereby to higher values of 
min. 
According to the heterogeneous individual product attrition and according to the 
heterogeneous individual budget restrictions, individuals differ in their decisions to leapfrog 
(Fig. 1b) or to purchase the current available product (Fig. 1a). We assume that these 
decisions are based on cumulative utility over time (represented by the hatched areas in the 
figures).  
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Figure 1a: Utility of purchasing the current product       Figure 1b: Utility of leapfrogging 
                                                                  
Note: The dotted, flatter line in figure 1a illustrates attrition of product generation G0 caused by technological 
progress alone. 
 
Both utility functions are identical until ti0. Assuming equal time intervals for consecutive 
product introductions it is possible to prove that the cumulative utilities from ti0 + ti to ∞ are 
equal across both scenarios (see Appendix). Therefore a comparison of the two hatched areas 
is sufficient to decide if leapfrogging results in higher utility than purchasing the current 
product generation G1 at ti0. Thus, in case the following condition holds, customer i will 
decide to leapfrog: 
          22 0 2 0 2 0 0 01 0i G i Tech i G i Tech i G i i i i i TechU t t t t t t t t t t                (1) 
     For given exogenous and individual parameters, this condition determines the individual 
purchasing times and therefore on aggregate level the firm’s revenue function. 
     Given the complexity and the fact that the parameters are partially dependent, there exists 
no closed form solution for the revenue function. We find the optimal launching point of the 
next product generation tG2 numerically. This point in time is optimal concerning profits. 
Therefore we introduce a cost function dependent on the pace of new product introductions 
and a scale parameter S which represents an upper bound for product introduction costs, i.e. 
the revenue of the first purchases of potential customers. In the next section, we show the 
results of our simulations. We vary a specific parameter to investigate its influence 
concerning (i) the optimal launching time for the future product generation, (ii) the share of 
loyal customers, and (iii) the profit corresponding to the optimal introduction time while 
keeping all other parameters fix. 
 
 
4. Simulation results 
 
Each parameter constellation is analyzed with a simulation run containing 50,000 
individuals. To further specify the scenario, we rely on a parameter constellation typical for 
the automotive industry. According to experts of the industry customers save on average six 
years in order to be able to purchase a new product and cause product attrition of .13 a year. 
We assume that a minimum level of utility (min) exists below which the product is useless to 
customers. We further assume that this threshold is reached after 14 years, i.e. companies are 
not able to sell 14 year old product generations in the market (twice the typical generation 
cycle). The firm evaluates future cash flows with a discount factor of i =.90.       
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Obviously, all model parameters influence the location of the profit maximum. We first 
investigate the effect of min, i.e. the effect of the acceptable minimum level of utility. As 
would be expected a high value of min reduces the profit maximizing time interval before a 
new generation should be introduced. At the same time lower values of min increase the 
amount of loyal customers and the profit potential. In contrast, higher values for the minimum 
level of tolerated utility force individuals to replace their products earlier. This results in a 
higher fraction of individuals who are lost due to the fact that they do not possess sufficient 
resources to purchase the new generation. These results are summarized in Table 1. 
Table 1: Variation of min 
       E[ti] = 6                             i = .90                                 δTech = .07                             E[δi] = .13          
 min = 0 min = .05 min = .10 min = .15 min = .20
tG2 optimal 6.20 5.80 5.80 5.65 5.65 
share of loyal 
customers 
 
.38 .32 .26 .20 .15 
profit maximum 3,126.80 2,030.50 1,193.70 973.90 879.50 
 
Higher rivalry and more innovation emphasis in the industry lead to earlier optimal 
introduction times and lower profit. Note there is a decreasing marginal effect of raising min 
on optimal introduction time. After a certain competitive intensity further increases in rivalry 
should not lead to earlier product introductions. Note that the share of loyal customers and the 
profit maximum react more sensitive to changes of min than the optimal introduction time 
does.                     
Table 2 displays variations of parameter δTech concerning technological progress. The first observation is that marginal solutions at the edge of the considered interval are generated in 
the cases δTech = .05 and δTech = .06.1 In addition, the number of loyal customers declines and 
the firm's profit declines rapidly with an increase in δTech. 
Table 2: Variation of δTech 
       E[ti] = 6                             i = .90                                 min = 0         
                      E[δi] = .13           
 δTech = .05 δTech = .06 δTech = .07 δTech = .08 δTech = .10 
tG2 optimal 20 16.65 6.20 6 5.3 
share of loyal 
customers 
 
.65 .53 .38 .28 .11 
profit maximum 19,603 10,568 3,126.80 1,435 664,11 
 
These results are quite intuitive. Price reductions or product upgrades induce a low value 
of δTech which implies that products have to be replaced later. This also leads to a smaller 
effect of individual budget restrictions, i.e. the number of customers switching to competition 
is reduced. Therefore, the firm can significantly influence loyalty by managing the current 
generation in conjunction with introduction times of the next generation. A comparison of 
both tables leads to the conclusion that the optimal introduction time, the share of loyal 
customers and the profit maximum react more sensible to δTech than to min. 
Now we focus on the variation of the cost function scale parameter S. Table 3 offers results 
of the corresponding simulation. We also observe solutions at the edge of the considered 
interval in two cases. In general, greater costs of product introductions lead to a slower pace 
                                                            
1 Optimal introduction times for G2 are at the last possible point in time. Note that the firm must provide at 
least one product generation exceeding min which limits the interval of possible product launches tG2 to tmax = 
(1‐min)/ δTech. 
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of future product introductions and smaller profits. However, the share of loyal customers 
remains constant.  
Table 3: Variation of S 
      E[ti] = 6                         i = .90                   min=0                  δTech = .07                         E[δi] = .13     
 .50S .75S S 1.25S 1.50S
tG2 optimal 5.63 5.85 6.20 14 14 
share of loyal 
customers 
 
.38 .38 .38 .38 .38 
profit maximum 11,446.18 6,926.50 3,126.80 1,104.30 145.84 
 
Only in a very small interval, we observe that the optimal product introduction time reacts 
sensitive to the scale parameter. In the first three cases the optimal product introduction time 
lies around six and is drastically increased to 14 when costs are increased by 25 percent above 
the current cost level. We conclude that optimal introduction cycles are longer in industries 
with higher R&D costs relative to revenues.  
 
 
5. Implications 
 
We have investigated how a firm can determine its optimal product introduction time 
based on individual replacement decisions. In contrast to other papers dealing with this 
question (Druehl, Schmidt, & Souza, 2009; Arslan, Kachani, & Shmatov, 2009), our focus 
lies on individual replacement decisions instead of a diffusion model. We identified three key 
drivers of the optimal product introduction time: the minimum acceptable level of utility, 
technological progress and product introduction costs. The minimum level of acceptable 
utility has proven to influence the optimal introduction time, the share of loyal customers and 
the profit maximum. However, all three react more sensitive to technological progress. These 
results suggest that in multiple product generation contexts companies can counteract the 
effect of changes in competitive intensity on profitability by using instruments such as price 
reductions and product upgrades. Employing such measures decreases the effect of product 
attrition caused by technological progress. Companies who manage the value of their existing 
products strategically can bolster the effect of technological progress. They are better 
protected against the threat of competitors who have – based to different innovation cycles – 
recently introduced new generations at the current level of the technological potential.  
Another approach to reduce the effect of competition is to increase the perceived value of 
the product customers currently posses. This can be achieved by managing customer 
satisfaction through superior product maintenance or other after sales services. Our model 
predicts that higher utility levels will increase the time until customers feel forced to switch to 
a (technologically more advanced) competitive product. 
There are several limitations to this research. Most importantly, consumers have 
expectations concerning quality and product introduction times. As a consequence 
confirmation and disconfirmation of these expectations drive replacement decisions. 
Furthermore, announcements of future product generations will have an immediate impact on 
the evaluation of the generation currently possessed. While such effects have not been 
incorporated in the model presented here, our approach is based on individual utility levels 
and can be extended to accommodate these relations. In this paper we have used parameter 
values of an actual market for consumer durables to interpret our model. Despite this our 
model remains conceptual. A natural extension to this research would be to test our 
predictions with an empirical data set on actual replacement decisions.  
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Appendix 
 
 
 
 
 
 
 
 
 
 
We present the proof for the interval  0 0, 2i i i it t t t   (see figure 2) and then, by including 
one additional term, we extend to any interval  0 0, 1i i i it nt t n t      with n . Obviously, 
it is sufficient for the identity of the two areas, which are representing the cumulative utility in 
the interval 0 0, 2i i i it t t t  , to show that the parallelograms are identical. The first 
parallelogram is: 
        1 2 0 0 2 0 2P 1 1i i iG i i G i GTech Techt t t t t t t t                                             (2)                        
   1 2 0 0 2P G i i i i Gt t t t t                                                                                                        
The area of the second parallelogram is: 
        2 0 2 0 2 2 0P 1 1i i i ii G i G G iTech Tech Techt t t t t t t t t               (3) 
   2 0 2 2 0 1P Pi i G i G it t t t t                                                                                            (4) 
Assuming a leapfrogging customer will purchase again at  2G it nt , the non leapfrogging 
customer at nti and technological progress is constant across time, we can show for any 
interval  0 0, 1i i i it nt t n t      with n  that the same condition as in (4) holds: 
            1 2 0 0 2 0 2P = 1 + 1 1 + + 1i i i i iG i i G i GTech Tech Tech Techt t t t t n t t t t n t             
 
(5) 
        1 2 0 0 2 0 2P 1 1i i iG i i G i GTech Techt t t t t t t t                                         (2)        
          2 0 2 0 2 2 0 1P + 1 1 + + ii i G Tech i Tech i i G Tech i G i Tech n tt t t n t t t t t t                 (6)        
        2 0 2 0 2 2 0P 1 1i i i ii G i G G iTech Tech Techt t t t t t t t t                            (3)
ti0 + ti tG2 
utility 
time 
 0iU  
ti0 
  
min 
0 
1 
ti0 + 2ti tG2 + ti 
1P  
2P  
Figure 2: Identity of P1 and P2 
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